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A B S T R A C T
Background: Obesity and gestational weight gain impact maternal and fetal risks. Gestational weight
gain guidelines are not stratiﬁed by severity of obesity.
Aim: Conduct a systematic review of original research with sufﬁcient information about gestational
weight gain in obese women stratiﬁed by obesity class that could be compared to current Institute of
Medicine guidelines. Evaluate variance in risk for selected outcomes of pregnancy with differing
gestational weight gain in obese women by class of obesity.
Methods: A keyword advanced search was conducted of English-language, peer-reviewed journal
articles using 3 electronic databases, article reference lists and table of content notiﬁcations through
January 2015. Data were synthesized to show changes in risk by prevalence.
Findings: Ten articles met inclusion criteria. Outcomes assessed were large for gestational age, small for
gestational age, and cesarean delivery. Results represent nearly 740,000 obese women from four
different countries. Findings consistently demonstrated gestational weight gain varies by obesity class
and most obese women gain more than recommended by Institute of Medicine guidelines. Obese women
are at low risk for small for gestational age and high risk for large for gestational age and risk varies with
class of obesity and gestational weight gain. Research suggests the lowest combined risk of selected
outcomes with weight gain of 5–9 kg in women with class I obesity, 1 to less than 5 kg for class II obesity
and no gestational weight gain for women with class III obesity.
Conclusions: Gestational weight gain guidelines may need modiﬁcation for severity of obesity.
 2015 The Authors. Published by Elsevier Australia (a division of Reed International Books Australia Pty Ltd)
on behalf of Australian College of Midwives. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The rising prevalence of obesity is a global problem.1 Pre-
pregnant obesity is associated with risks for gestational hyperten-
sion, gestational diabetes, instrumental vaginal delivery, cesarean
delivery,2–4 and higher birth weight.3,5 The odds ratios for these
outcomes directly increase with pre-pregnant body mass index
(BMI).2,3
Data indicate that women are gaining more weight in pregnancy
than recommended by the Institute of Medicine (IOM).6 The* Corresponding author. Tel.: +1 214 367 3751; fax: +1 214 820 3375.
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1871-5192/ 2015 The Authors. Published by Elsevier Australia (a division of Reed Inter
an open access article under the CC BY-NC-ND license (http://creativecommons.org/lic2009 IOM report Weight Gain During Pregnancy: Reexamining the
Guidelines (hereafter referred to as IOM recommendations)7 included
revision of the BMI categories consistent with World Health
Organization (WHO)8 deﬁnitions, shown in Table 1, and revision
of the recommended gestational weight gain (GWG) in obese women
from a suggested absolute of 6.8 kg (kg;15 pounds) to a range 5–9 kg
(11–20 pounds). However, these 2009 guidelines, that aim to
optimize outcomes of pregnancy, do not provide GWG recommen-
dations for the different classes of obesity (I, II, and III) as deﬁned by
the National Institutes of Health9 and WHO because there was a
paucity of data available to inform guidelines by severity of obesity.7
The purpose of this systematic review was to identify and
analyze previous research that gave sufﬁcient information to be
compared to the current IOM recommendations for obese women
stratiﬁed by class of obesity and by varying GWG or gestational
weight loss (GWL). A speciﬁc aim was to determine throughnational Books Australia Pty Ltd) on behalf of Australian College of Midwives. This is
enses/by-nc-nd/4.0/).
Table 1
World Health Organization body mass index classiﬁcation and 2009 Institute of
Medicine gestational weight gain recommendations.
Classiﬁcation BMI (kg/m2) IOM recommended GWG, lbs (kg)
Underweight <18.5 28–40 (12.5–18)
Normal weight 18.5–24.9 25–35 (11.5–16)
Overweight 25–29.9 15–25 (7–11.5)
Obese 30 11–20 (5–9)
Class I 30–34.9
Class II 35–39.9
Class III 40
BMI, body mass index; GWG, gestational weight gain; kg, kilograms; IOM, Institute
of Medicine; lbs, pounds; m2, meters squared.
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with different classes of obesity are supported. Publications prior
to 2009 were included if the data could be compared to the current
IOM recommendations.7 Our review focuses on consistently
reported three key pregnancy outcomes across the studies: small
for gestational age (SGA), large for gestational age (LGA), cesarean
delivery.
2. Methods
Our systematic review addressed the following questions in
relationship to women with pre-pregnancy obesity stratiﬁed by
class I, II and III:
1. What is the range of gestational weight gain in obese women, and
does it vary with severity of obesity?
2. What is the risk for LGA and SGA in obese women, and does it vary
with severity of obesity or GWG?
3. What is the risk for cesarean delivery and does it vary with severity
of obesity and GWG?
A literature search was conducted of English-language, peer-
reviewed journal articles with an undeﬁned beginning year
through January 2015 using the keywords of obese or obesity,
gestational weight gain, and outcomes of pregnancy. A combina-
tion of these keywords was used in subject headings including the
advanced search criteria. Articles were identiﬁed via extensive
electronic searches of standardized computer databases, including
the Cumulative Index to Nursing and Allied Health Literature
(CINAHL), PubMed, EMBASE, reviews of reference lists in retrieved
publications and through table of content notiﬁcations from a
variety of peer-reviewed journals. The inclusion criteria wereSearched on  un speci ﬁed  beginning date through Jan uary,  2015 
obese, obe sity,  gestaonal  weight gain, outcomes of pregn anc
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Fig. 1. Search original research articles in which GWG or GWL was associated
with LGA, SGA or cesarean delivery outcomes in obese women and
results could be evaluated by severity of obesity and compared to
the 2009 IOM recommendations for GWG. The search from the
standardized computer databases yielded 824 articles. Twenty
articles were retained for full review (see Fig. 1). We eliminated
studies if results for the selected outcomes of pregnancy were not
reported by the current parameters that deﬁne class I, II and III
obesity, for each obesity class and if results could not be
interpreted in relationship to the current IOM recommendations
for GWG and GWL. If it appeared that data from a study might exist
to ﬁt our criteria, authors were directly contacted for such data. We
were unable to retrieve usable data from this method.
Fig. 1 shows the ﬂowchart depicting the search strategy and
details of inclusion and exclusion. For the 20 articles retained for a
full review, published guidelines for assessing risk in observational
studies were used to systematically assess study bias10,11 and each
author independently appraised the studies. When discrepancies
in evaluation occurred, the differences were discussed until
consensus was reached. Each co-author provided interpretation
and summary conclusions. Reference lists of each of the 20 articles
retained for full review were examined but no additional articles
were identiﬁed that met our inclusion criteria.
All articles provided GWG information in kilograms with three
exceptions. For these articles, weight was originally reported in
pounds and converted by the authors to kilograms.12–14 If GWG
was reported as a range, GWG ﬁgures used the median points of
range. Data on prevalence for each outcome by obesity class and by
varying amounts of GWG and GWL were extracted from the
retained articles. These data were graphed to provide a summary of
the relationships between GWG and outcomes of interest as
reported by each of the reviewed articles.
3. Results
3.1. Characteristics of studies reviewed (Table 2)
Ten relevant articles met the search and inclusion criteria and
represent nearly 740,000 obese women from four different
countries as summarized in Table 2. Because all studies were
observational, risk for bias was similar across all studies. Five
studies derived data from a state or regional cohort,12–16 four from
national cohorts,17,18,20,21 and one from a single academic hospital
database.19 Seven studies used women’s self-reported pre-
pregnancy weight to calculate total GWG.12–15,17–19 The most
common covariates in study analyses were maternal age, parity, using keywor ds: 
y 
SE-374
ex cluded  for  duplic aon or  did  not  ﬁt  inclusion  criteria
10 exclud ed  for the foll owing re asons: 
- 6 did not provid e re sults by  3 classes  of  obes ity 
- 2 resul ts co uld  not b e compa red  with  th e IOM 
recomme ndao ns 
-2 no results  by  GWG and  obesit y severity 
summary.
Table 2
Summary of studies addressing gestational weight gain in obese pregnant women in relation to one or more of the following outcomes of pregnancy: small for gestational age,
large for gestational age, cesarean delivery.
Authors, data collection year(s),
data source, country, total N, and
sample subgroups
Inclusions and Exclusionsa Covariates/effect modiﬁersb and
outcomes assessedc
GWG measures
Kim et al.15, 2004–2008, Florida Birth
Certiﬁcates, United States
Included full term live born
singleton births
Nativity Modiﬁers: Pre-pregnant
BMI; DM; Excessive GWG
Self-reported pre-pregnancy height and
weight; GWG = difference between pre-
pregnant weight and weight at delivery
N = 660,396 Excluded charts with incongruent
diagnosis in GDM between hospital
chart and birth certiﬁcate
Outcome: LGA10th Adequate GWG: 11–20 lbs
Obese: 132,078 Excessive GWG: >20 lbs
Class I: 12% (n = 77,266)
Class II: 5% (n = 33,680)
Class III: 3% (n = 21, 132)
52.6% white
19.3% black
25.2% Hispanic
2.9% Asian/Paciﬁc Island
Hinkle et al.17, 2004–2006, Pregnancy
Nutrition Surveillance System,
United States
Included full term singleton births Race/ethnicity, marital status,
education, height, gestational age
at delivery, infant sex
Self-reported pre-pregnancy weight
N = 122,327, all obese No exclusions Outcomes: Categorical:
SGA10th/SGA2SD 13.6 to 5 kg
Class I: 53% (n = 64,717) LGA10th 4.9 to 0 kg
Class II: 27% (n = 33,156) 0.1 to 4.9 kg
Class III: 20% (n = 24,454) 5 to 9 kg (referent)
9.1 to 13.6 kg
36.2% white 13.7 to 18.1 kg
38.0% black 18.2 kg
25.8% Hispanic
Kiel et al.14, 1990–2001, Missouri Birth
Certiﬁcates, United States
Included full term, live-born,
singleton
Race, education, poverty indicator
(e.g. WIC), chronic hypertension
Self-reported pre-pregnancy weight;
Measure of GWG not reported
N = 120,170 Obese No exclusions Outcomes: Categorical:
Class I: 59% (n =70,536) SGA10th 10 lbs. GWL
Class II: 26% (n = 30,609) LGA10th 2–9 lbs. GWL
Class III: 16% (n = 19,025) CS-primary and repeat 0 GWG
Pre-eclampsia 2–9 lbs. GWG
10–14 lbs. GWG
15–25 lbs. GWG (referent)
Park et al.16, 2004–2007, Florida Birth
Certiﬁcates, United States
Included full term, live-born,
singleton births
Race/ethnicity, education, marital
status, WIC participation,
gestational age, number of prenatal
visits, infant sex, yr. of birth
Assessment of pre-pregnant weight not
provided
N = 570,672 Excluded women with DM or
hypertension, women <18 or >40
years; PTB and post-term birth
Outcomes: Categorical:
Obese: 18% (n = 101,590) SGA10th 10 to 6 kg
Numbers in each class not available LGA10th 5 to 1 kg
0 to 4 kg
67.3% multiparous 5 to 9 kg (referent)
44.4% white 10 to 14 kg
27.5% black
25.7% Hispanic
2.3% other
Garvard and Artal13, 2002–2008,
Missouri Birth Certiﬁcates,
United States
Included full term, live-born,
singleton births
Race, education, socioeconomic
status (e.g. WIC), cardiac and renal
disease, chronic hypertension,
preeclampsia
Self-reported pre-pregnancy weight
N = 66,010 No exclusions Outcomes: stratiﬁed by presence or
absence of DM
Categorical:
All obese SGA10th 2 lbs
Class I: 55% (n =36,568) LGA10th 3–10 lbs
Class II: 26.0% (n = 17,195) 11–20 lbs (referent)
Class III: 19% (n = 12,247) 21–35 lbs
>35 lbs
Blomberg21, 1993–2008, Swedish
Medical Birth Registry, Sweden
No inclusions or exclusions b Difference between measured weight
at ﬁrst prenatal visit (not speciﬁed) and
maternal weight at delivery
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Table 2 (Continued )
Authors, data collection year(s),
data source, country, total N, and
sample subgroups
Inclusions and Exclusionsa Covariates/effect modiﬁersb and
outcomes assessedc
GWG measures
N = 46,595 Outcomes: Categorical:
All obese SGA2SD <0 kg (loss)
Class I: 71% (n = 32,991) LGA2SD >0–4.9 kg (low gain)
Class II: 21% (n = 10,068) CS-unspeciﬁed type 5–9 kg (referent)
Class III: 8% (n = 3536) Fetal Distress >9 kg (excessive)
Instrumental vaginal delivery
Low Apgars
Pre-eclampsia
Beyerlein et al.20, 2000–2007, Bavarian
Database, Germany
Included singleton births Gestational and pre-gestational
DM, PTB, sex of infant
Difference between maternal weight at
last measurement and maternal weight
recorded at booking.
N = 29,678 No exclusions Outcomes: Categorical:
All obese SGA GWL only
Class I: 62% (n = 18,308) LGA 1–5 kg
Class II: 26% (n = 7756) CS-non-elective 6–10 kg
Class III: 12% (n = 3614) PTB: early and moderate >10 kg
Pre-eclampsia
Kominiarek et al.18, 2002–2008,
Consortium on Safe Labor, United
States
Included full term, live-born,
singleton births
Race/ethnicity, marital status,
insurance, gestational age
Difference between self-reported
pre-pregnancy weight and weight at
delivery
N = 20, 950 obese No exclusions Outcomes: Categorical:
Class I: 57% (n = 11,984) SGA10th GWL: < 0 kg
Class II: 25% (n = 5307) LGA10th LGWG: 0–4.9 kg
Class III: 18% (n = 3659 LBW (<2500 g) 5–9 kg (referent)
44.2% Non-Hispanic white Macrosomia (>4500 g) Excessive GWG: >9.0 kg
29.5% Non-Hispanic black Apgar
19.6% Hispanic NICU admission
3.8% Other Shoulder Dystocia
CS-primary for nulliparous;
primary and repeat for multiparous
PPH
Durie et al.12, 2004–2008, upstate New
York, United States
Included only singleton
births  20 weeks
Race, chronic hypertension,
pre-gestational DM, education level
<12 years
Difference between self-reported
weight at booking and last measured
weight.
N = 73,977 No exclusions Outcomes: Categorical and rate of second and third
trimester GWG.
17,517 obese women SGA10th Reference 5–9 kg
Class I: 54% (n = 9389) LGA10th GWL = < 0 kg
Class II: 27% (n = 4728) CS-primary and repeat Less than recommended
(LGWG) = 0–<4.9 kg
Class III: 19% (n = 3400) GDM
NICU admission
Induction of labor
Bodnar et al.19, 2003–2008,Magee
Obstetric Medial and Infant Database,
Pittsburg, PA, United States
Included singleton live-born
without congenital anomalies
Race/ethnicity, height, education,
marital status, use of WIC, payment
source, provider type
Self-reported pre-pregnancy weight
N = 5550; All obese No exclusions Race and parity as effect modiﬁers Categorical:
Class I: 59% (n = 3254) For ORs: % of IOM recommendation
for obese women
Class II: 26% (n = 1451) Outcomes: 50% = 3.2 kg
Class III: 15% (n = 845) SGA10th 100% = 6.4 kg
61% multiparous LGA10th 200% = 12.8 kg
74.1% white PTB (spontaneous) For prevalence:
15.9% black PTB (indicated) <0 kg
10% other 0 to 2.2 kg
2.2 to <5 kg
5 to 9 kg
9.1 to <13.6 kg
a Exclusions other than missing data.
b In addition to maternal age, smoking/tobacco use, and parity for all studies except Hinkle et al. (16) did not include parity.
c Studies are listed in descending order of number of obese women assessed.
BMI, body mass index; CS, cesarean birth; DM, diabetes; GDM, gestational diabetes mellitus; GWG, gestational weight gain; GWL, gestational weight loss; lbs., pounds; LBW,
low birth weight; LGA10th, large for gestational age 10th percentile; LGA2SD, large for gestational age 2 standard deviations; LGWG, low gestational weight gain; PPH,
postpartum hemorrhage; PTB, preterm birth; SGA10th, small for gestational age-10th percentile; SGA2SD, small for gestational age-2 standard deviations; WIC, Women, Infants
Children.
M.A. Faucher, M.K. Barger / Women and Birth 28 (2015) e70–e79 e73
Table 3
Total gestational weight gain categorized by pre-pregnancy body mass index and by obesity class.
Study GWG (kg), all obese womena GWG (kg) by obesity class
Class I Class II Class III
Bodnar et al.19 11.1  6.7 (n = 5550) 12.5  5.4 (n = 3254) 10.0  8.1 (n = 1451) 7.7  8.5 (n = 845)
Durie et al.12 12.4  7.8 (n = 9389) 10.1  7.8 (n = 4728) 8.2  9.3 (n = 3400)
Hinkle et al.17 11.4  8.2 (n = 122,327) 12.7  7.9 (n = 64,717) 10.7  8.2 (n = 33,156) 8.8  8.7 (n = 24,454)
Park et al.16 11.4  7.2 (n = 101,590) 12.4  6.9 (n = 62,383) 10.4  7.2 (n = 25,955) 8.7  7.7 (n = 13,252)
Kominiarek18 12.5  7.6 (n = 11,984) 10.6  8.1 (n = 5307) 8.9  8.9 (n = 3659)
a Obesity deﬁned as pre-pregnancy body mass index (BMI)  30 kg/m2.
kg, kilograms.
Gestational weight gain (GWG) data presented as mean  SD. Empty cells due to data not identiﬁed in the original report or through contact with the primary author.
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with chronic hypertension or pre-existing diabetes were included
in most study populations.17–21 Sample sizes of obese women
varied from more than 100,000 in four studies,14–17 and between
5000 and 66,000 in the other studies.12,13,18–21 All studies used the
WHO classiﬁcation system8 for categorizing BMI as shown in
Table 1. All studies analyzed GWG as a categorical variable, and the
most common assignments used were ‘‘above’’, ‘‘within’’, or
‘‘below’’ the IOM recommendations current at the time.
3.2. What is the range of gestational weight gain in obese women, and
does it vary with severity of obesity?
As shown in Table 3, mean GWG in obese women across studies
exceeded the IOM recommendation except for women with class
III obesity. In the majority of studies reviewed, 47–72% of obese
women gained in excess of 5–9 kg.12,13,16,17,19,21 Weight gain
decreased with each higher BMI classiﬁcation.12,16–19 Weight loss
during pregnancy was more common in obese women compared
to nonobese women,12,16 and more common as obesity severity
increased.12,17,20,21
3.3. What is the risk for LGA and SGA in obese women, and does it vary
with severity of obesity or GWG? (see Figs. 2 and 3)
3.3.1. Risk for LGA and SGA in obese women
Across the reviewed studies obese women were found to be at
increased risk for LGA and low risk for SGA. The target prevalence
for public health goals is typically set at <10% for both LGA and
SGA.22 The deﬁnitions of LGA10th and SGA10th vary but are based on
population fetal weight standards, including means adjusted by
sex, gestational age, and race/ethnicity.22 One study provided
evidence of fetal growth standards adjusting for parity21 and used
deﬁnitions of LGA and SGA as birth weight more than two standard
deviations (SDs) below or above the mean birth weight for
gestational age (LGA2SD, SGA2SD, respectively) citing evidence
that these are the infants at greatest risk for morbidity related to
being SGA.23
Seven research groups reported baseline prevalence of LGA
and/or SGA in obese cohorts.12,13,16,17,19–21 The prevalence of
LGA10th in all classes of obese women with 5–9 kg of GWG ranged
from 8 to 17%. Whereas, the prevalence of SGA10th in all obese
women gaining 5–9 kg was between 5 and 11%. Similarly the
prevalence of SGA2SD was 2% in both studies that reported results
based on this deﬁnition.17,21
Obesity severity signiﬁcantly modiﬁed associations between
GWG and both LGA and SGA. As shown in Fig. 2, with 5–9 kg GWG,
the risk for LGA increased as severity of obesity increased.12–21 Risk
for LGA was 8–12% in women with class I obesity, 8–14% in women
with class II obesity and exceeded 10% (range 12–17.5%) in women
with class III obesity. Conversely, risk for SGA decreased as severity
of obesity increased.12,13,16–18,20,21 As shown in Fig. 3, with 5–9 kg
GWG, the probability of SGA10th was 6–11% in women with class Iobesity, 5–10% in women with class II obesity, and 5–9.5% in
women with class III obesity.
3.3.2. LGA risk and GWG (see Fig. 2)
Risk for LGA rose consistently in all obese women as GWG
increased, and decreased when GWG was below the current IOM
recommendation. Each of included studies reported a linear
decrease in the prevalence of LGA the less weight gained, and a
further decrease with weight loss.12–19,21 Furthermore, odds of
LGA in all obese women increased 23–87% across studies with
GWG above the IOM recommendations.12,15,17–19,21 In one study,
compared to GWL of 3 kg, GWG of 15 kg increased the risk of LGA
57–66% in all obesity classes.17 Study results suggest that women
with class I obesity are not at risk for LGA10th when GWG falls
within the IOM recommendations. Risk for LGA was 10% in
women with class I obesity when GWG was 5–7 kg14,21 and
escalated to >10% when GWG was >9 kg.14–17,21 Low GWG (i.e.,
0 to <5 kg) was associated with a risk for LGA around 5–8% in these
women. GWL reduced risk, but with an attenuated decline
compared to GWG <5 kg.
On the other hand, risk of LGA in women with class II obesity
was consistently >10% (i.e., 12–17%) when GWG was within the
IOM recommendations,13,15–19,21 and peaked at 14% with 9 kg in
one study.16 Low GWG and no GWG resulted in a prevalence of LGA
<10%, and this decline continued with GWL.13,14,16–19,21 With low
GWG, odds for LGA decreased by 10–29%, and with GWL, by
42–49%. These data suggest that women with class II obesity who
gain less than the IOM guidelines have reduced risks for LGA.
In women with class III obesity and GWG within the IOM
recommendations, the prevalence of LGA ranged from 12 to
17.5%.13,15–19,21 Only when there was no weight gain or GWL did
the prevalence of LGA consistently dip below 10%.14,16–18,21 Data
from two studies show prevalence of LGA at 10% with 3 kg,14,21
and one study12 reported no signiﬁcant reduction in odds of LGA
with GWL in all classes of obese women. In general, with the
exception of women with class III obesity, as obesity class
increased, risk of LGA decreased with lower rates of weight gain,
and further with weight loss.
3.3.3. SGA risk and GWG (see Fig. 3)
The trend across all studies was a decreased risk for SGA as
GWG increased, although the slope of beneﬁt decreased as obesity
severity increased, and the greatest beneﬁt of GWG was observed
in women with class I obesity.12,14,16–18,20,21 For women with class
I obesity, the probability of having a SGA infant increased 37–40%
when gaining less than the current IOM guidelines (0 to <4 kg),
compared to gaining with the guidelines. For women with class II
obesity, the increased risk for SGA with no GWG was only 10%, and
was negligible for women class III obesity. Risk for SGA2SD also was
increased with low GWG and GWL, but prevalence was <5%.17,21
Evidence for ideal GWG to minimize SGA below 10% seems to
differ by obesity class. Study data suggests that women with class I
obesity should gain at the higher end of the current 5–9 kg range
Fig. 2. Summary of LGA prevalence by gestational weight changes for reviewed articles. Findings are summarized for class I obesity (a), class II obesity (b), and class III obesity
(c). For all reviewed studies outcome of LGA was determined by LGA10th with the exception of Blomberg, where LGA was determined by LGA2SD. LGA: large for gestational
age; 10th: tenth percentile; 2SD: two standard deviations.
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was 5–7 kg. The beneﬁt of increasing GWG to decrease risk of SGA
declined after 15 kg for this group.
The research evidence suggests that women with class II
obesity should gain some weight and avoid GWL. With GWL
between 1 and 5 kg, the probability of SGA10th is 12–15%. In two
studies, the probability of SGA rose above 10% with no GWG,
suggesting that some weight gain is important.16,18 In the majority
of studies, SGA was 10% with low GWG (1 to <5 kg),13,14,16–18
while only one study reported the opposite,21 a signiﬁcant increase
in odds ratio for SGA. There were steeper declines in SGA
prevalence within the 5–9 kg weight gain range.13,14,16–19 Preva-
lence for SGA2SD with low GWG was <5%.17,21
Women with class III obesity are at low risk for SGA, even with
no gestational weight gain.12–14,16–18,20,21 Furthermore, the
protective effect of GWG on risk for SGA was less than observed
in women with class I or II obesity. As shown in Fig. 2, the
difference in risk between SGA with no GWG and or weight gain of
7 kg was only 3%. In contrast, gestational weight loss in women
with class III obesity signiﬁcantly increased the odds of
SGA.14,16,18,19,21 This supports a potential recommendation of no
GWG in women with class III obesity.
When the probabilities of LGA and SGA from Figs. 2 and 3 are
combined as shown in Fig. 4, the lowest combined risk of these
2 outcomes appears to be with 5–9 kg GWG in women with class I
obesity, 1 to <5 kg in women with class II obesity, and no GWG in
women with class III obesity. Seven studies support the current IOM
guidelines as a weight recommendation for women with class I
obesity to minimize the risk of both SGA and LGA.13,14,16–19,21 Six
studies provide data supporting 3 kg GWG to achieve prevalence of
both SGA and LGA at 10% in women with class II obesity.13,14,16–19,21Four studies provide data that the risk for SGA and LGA is
approximately 10% or less with no GWG in women with class III
obesity.16–18,21
3.4. What are the risks for cesarean delivery and do these risks vary
with severity of obesity and GWG?
3.4.1. Cesarean delivery (see Fig. 5)
Among the 9 studies reviewed, ﬁve research groups investigat-
ed the relationship between GWG and cesarean delivery in obese
women.12,14,18,20,21 As shown in Fig. 5, the incidence of cesarean
was signiﬁcantly lower in the studies conducted outside the US.
For all classes of obese women, rates of cesarean ranged from 13 to
28% in international studies and 30–48% in US studies. However,
regardless of study population, the incidence of cesarean
consistently increased with obesity severity when GWG was
within the IOM recommendations, ranging from 13 to 37% in
women with class I obesity, 15–39% in women with class II obesity,
and 17–48% in women with class III obesity.14,18,20,21 Parity was
considered in only one study, and the same trend of an increasing
rate of cesarean with increasing obesity was observed, though with
multiparous women having a lower rate than nulliparous in
women with classes I or II obesity.18
Overall, the ﬁndings suggest that the association between GWG
and cesarean delivery is likely modest (between 20 and 30%
decreased odds to 10 and 30% increased odds). Regardless of parity,
weight gain below the 2009 IOM recommendation favors a
decreased risk of cesarean delivery, while excessive GWG favors an
increased risk. The impact of GWG or GWL on risk of cesarean
delivery may be greatest in women with class I obesity. GWL
decreased risk for cesarean and excessive GWG increased
Fig. 3. Summary of SGA prevalence by gestational weight changes for reviewed articles. Findings are summarized for class I obesity (a), class II obesity (b), and class III obesity
(c). For all reviewed studies outcome of SGA was determined by SGA10th with the exception of Blomberg, where SGA was determined by SGA2SD. SGA: small for gestational
age; 10th: tenth percentile; 2SD: two standard deviations.
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appears to be a decreasing beneﬁt of low GWG and GWL
on reduction of cesarean risk. The risk of cesarean decreased by
26–44% in women with class I obesity with no GWG or GWL
compared to 5–9 kg.14,20,21 For women with class II and class III
obesity using this same comparison, the reduction in risk of
cesarean was 25–41% and 15–31% respectively.14,20,21 In a
comparison of nulliparous versus multiparous women, reduc-
tions in risk of cesarean with decreasing GWG and GWL were
most notable in nulliparous women with class I obesity (i.e., 79%
reduction) decreasing to a non-signiﬁcant decrease for class II
and class III women.18
For GWG above the IOM recommendation, risk for cesarean
increased for all women,12,14,18,20,21 with some evidence suggest-
ing the greatest risk was in women with class I obesity.12,18,20,21
The results in one study18 showed obese nulliparous women with
excessive GWG having the greatest risk for cesarean (i.e., 20–70%
increased odds for class I to III). However, the data is inconsistent,
with not clear trend. This may be due to the heterogeneity within
this group of studies on how data was reported with no consistency
or clear separation for primary versus scheduled repeat cesarean or
unsuccessful trial of labor after cesarean (TOLAC).
4. Discussion
Both maternal and fetal risks increase when obese pregnant
women gain more weight than is recommended by the IOM. It is
particularly concerning that current evidence consistently shows
that up to 72% of obese women have GWG in excess of the current
IOM recommendation.12,13,16,17,19,21 This systematic review
provides consistent evidence of the signiﬁcant risks associatedwith excessive GWG for both LGA and cesarean. Risks for both
LGA12–19,21 and cesarean delivery12,14,18,20,21 increased as obesity
severity increased, whereas risk for SGA decreased and remained
low even in women with class II or class III obesity with weight
gain below the IOM recommendations.12–14,16–19,21. Pre-pregnant
BMI, independent of GWG, modiﬁes risk in obese women for SGA,
LGA, and cesarean delivery. Regarding the risk of SGA, LGA, and
cesarean birth, consistent evidence across studies in this review
challenges the current recommendation of 5–9 kg of GWG as the
best recommendation for all obese women, in particular women
with class II or III obesity.
The effects of weight loss on SGA, LGA, and cesarean rates in
obese women are understudied, especially in women with class III
obesity.14,17,20,21 Results from two studies found that 15% of
women with class III obesity experienced weight loss in pregnan-
cy.17,21 With small amounts of GWL, the risk of SGA10th was
8–11%14,17,20 consistent with the target prevalence, and 3.6% for
SGA2SD – just slightly above the population mean (3.5%). Moreover,
researchers have argued that many infants labeled with SGA10th
are constitutionally small and that the greatest risk is for infants
with a birth weight within the third percentile (i.e. SGA2SD).23
Cesarean birth is inﬂuenced by a variety of factors, including
provider practice behaviors and the environmental milieu of the
birth setting as evidenced by the incidence disparity between US
and international studies.24 Morbidly obese women are at risk for
medically indicated cesarean due to pregnancy complications and
one study in this review reported a decrease in pre-eclampsia
when obese women experienced GWL.20 However, these results
show a decreasing beneﬁt of low GWG or GWL in women with
class III obesity compared to women with class I obesity. Even with
the lack of consistency between studies regarding the type of
Fig. 4. Summary of Combined SGA and LGA prevalence by gestational weight changes for reviewed articles. Findings are summarized for class I obesity (a), class II obesity (b),
and class III obesity (c). For all reviewed studies outcome of SGA was determined by SGA10th and LGA by LGA10th, with the exception of Blomberg, where SGA was
determined by SGA2SD and LGA by LGA2SD. Note that for each author, y represents LGA outcomes and z represents SGA outcomes. LGA: large for gestational age; SGA: small
for gestational age; 10th: tenth percentile; 2SD: two standard deviations.
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risk of cesarean in women with different classes of obesity and
different parity needs further study.
The large numbers of women in each study, wide representa-
tion of women within the study populations based on race/
ethnicity, socioeconomic markers and country of residence, and
our ability to deﬁne a consistent categorical measure for GWG and
GWL across studies adds strength to the generalizability of these
ﬁndings. When adding the numbers of women in each obesity class
for studies reporting these totals, there were 291,045 women with
class I obesity, 161,145 with class II obesity and 104,159 women
with class III obesity. Additionally, all studies except one15
included women with diabetes and/or hypertension, making the
study samples fairly comparable and generalizable to the
populations of pregnant women. However, two research groups
provide strong evidence of the independent and cumulative risk for
LGA that is imparted by gestational diabetes independent of pre-
pregnant BMI and GWG.13,15 with this effect of diabetes protecting
against SGA.13 Kim and colleagues also provide evidence of
signiﬁcant independent inﬂuence of race/ethnicity on risk for LGA
when controlling for gestational diabetes, GWG and pregnant
BMI.15 Also, Bodnar and colleagues found more marked increases
in LGA with increasing GWG in white women compared to black
women.19 Studies are needed that evaluate outcomes of GWG by
obesity severity and that include race/ethnicity and other
comorbidities (e.g. hypertensive conditions) as effect modiﬁers.
Limitations cited in the individual studies included in this
review include questionable reliability of self-reported GWG17,20
with misclassiﬁcation of obesity severity17 and lack of information
on quality of diet and if weight loss was intentional orunintentional in women that have little or no weight gain, or
weight loss, in pregnancy.19,20 This review also does not provide
data on long-term neonatal outcomes. Both LGA and SGA, however,
have been associated with long-term risks. LGA is linked with
higher likelihood of adult onset diabetes and obesity and greater
risk for potentially fatal obstetrical complications including
shoulder dystocia.25,26 Evidence about long-term effects of SGA
include risk for heart disease and lower cognitive achievement
particularly in those infants having birth weight less than or equal
to the 3rd percentile.23,27 Although there were large numbers of
obese women in each class of obesity, there were a preponderance
of women with class I obesity across all 10 studies (i.e. 53%–70.8%),
thus inﬂuencing the strength of the evidence favoring class I data.
The percentage of women with class II obesity in each study ranged
from 21.6 to 27%, decreasing to 7.6% to 20% for women with class III
obesity.
Parity, an important covariate, deserves further study. Hinkle
et al. did not account for parity as a covariate,17 and Kominiarek
et al. reported that multiparous women were more likely (74.2% vs
25.8%) to experience GWL and low GWG compared to nulliparous
women.18 Beyerlein et al. reported that gestational weight loss was
needed in multiparous obese women to achieve a joint predicted
risk of SGA and LGA below 20%.28 Other studies suggest parity as a
signiﬁcant factor when evaluating outcomes of GWG in obese
women, but none of these studies stratiﬁed for obesity severity.5,29
This review provides an important summary of the current
state of literature examining the relationship between GWG,
obesity severity, and outcomes although it does not attempt to
provide a meta-analysis. Not all systematic reviews require or
beneﬁt from a meta-analysis. Meta-analyses are often done to
Fig. 5. Summary of cesarean delivery prevalence by gestational weight changes for reviewed articles. Findings are summarized for class I obesity (a), class II obesity (b), and
class III obesity (c). For the purpose of this graph, weights reported in pounds were converted to weights in kilograms. Kominiarek reported two sets of outcomes, and (n)
indicates those for nulliparas women while (m) indicates multiparas women.
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best practice, or when there is uncertainty about an intervention.30
The goal of doing this review was not to clarify but rather to
illuminate aggregate evidence from a number of individual studies
about how the three outcomes of SGA, LGA and cesarean birth vary
based on obesity severity and GWG. The consistent evidence
shown in this review for the outcomes of LGA and SGA is vital for
informing future research and clinical practice guidelines such as
the IOM’s GWG recommendations for obese women.7 Moreover, if
a meta-analysis was undertaken a loss of data about cesarean birth
would most likely be necessary related to large variance in practice
based on geographic location. We felt the inclusion of data from
many different countries and populations strengthens this
evidence synthesis. Additionally, presenting prevalence informa-
tion from each study rather than an odds ratio, informs the reader
about rates of outcomes that are easily comparable to population
standards. This methodology provides what we believe is the
optimum way to synthesize the available evidence on this topic.
5. Conclusions
This review considered only three speciﬁc outcomes (SGA, LGA,
and cesarean delivery) as they were inﬂuenced by prepregnancy
weight and weight changes during pregnancy. More research is
needed to examine the associations between GWG and GWL in
obese women by class of obesity and the risk of preterm birth, pre-
eclampsia, postpartum weight retention, and several other long-
term markers of maternal and child health. Many factors other
than GWG inﬂuence outcomes in pregnancy including an effect on
infant size. Studies in this review included only singleton births,
controlled for smoking and parity, except one study,17 and sixstudies either excluded women with hypertensive or diabetic
conditions in pregnancy16 or controlled for these variable in the
analyses.12–15,20 These study attributes enhance the quality of
the studies and the consistent ﬁndings for both SGA and LGA add to
the validity of these results. However, race/ethnicity and diabetes
in pregnancy are important variables to consider when assessing
risk for the selected outcomes reported in this review. Consistent
deﬁnitions are needed when studying risk of cesarean birth in
obese women by obesity severity and how GWG or GWL in these
women inﬂuence the risk of medically indicated cesarean versus
cesarean done for other reasons.
Clinical strategies that promote and result in optimal GWG are
still needed. GWG research on provider and patient interactions
indicate approximately 30% of women reported not receiving
advice from their provider about GWG, and slightly more than 20%
reported being counseled to gain more weight than recom-
mended.31,32 Our review highlights the need to set GWG targets to
reduce women’s risk of gaining more weight than recommended.
These ﬁndings also provide strong evidence that weight gain
recommendations to optimize maternal and newborn outcomes
may need to be different based on the severity of obesity.
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